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® Dlgftbdng tablet system having stylus tilt conrection. 



@ A digitizing system of the type including a tablet, 
a stylus and associated electronics which is con- 
structed to conrect for tiH errors when the stylus axis 
is tilted relative to tiie tablet is disclosed. The tablet 
includes a housing having a rectangular coordinate 
grid of electrical conductors. The stylus includes an 
elongated tubular member having a tip at one end, a 
first coil which is located at a first axial distance from 
the tip and a second coil which is located at a 
second axial distance from the tip, the second dis- 
tance being different from the first distance. A volt- 
age signal is applied to each coil sequentially. The 
signal applied to each coil induces a voltage in each 
conductor in the grid. The Induced voltages are 
processed to produce a first and a second data 
^signal, the first data signal corresponding to the 
^position of the first coil relative to tiie grid and the 
IP second data signal corresponding to the position of 
Jjthe second coil relative to ttie grid, with ttie dif- 
^ference in the two data signals. If any, being caused 
00 by tilt of the stylus. The two data signals are then 
J" processed to produce a tiiird data signal correspond- 
^ing to the position of the tip of the stylus relative to 
Ottie grid of conductive elements. 



UJ 



J9 



J5 



1 i 



F/a r 




23 



XaroK Copy Gentle 



BNSDOCID: <EP Q21874SA1 J_> 



1 



0 218 745 



2 



DIQmZINQ TABLET SYSTEM HAVING STYLUS TILT CORRECTION 



BACKGROUND OF THE INVENTION 

The present invention relates generally to 
digitizing tablet systems and more particularly to a 
digitizing tablet system which is constructed so as 
to automatically con-ect for stylus tilt errors. 

Digitizing tablet systems are well known In the 
art and are used in a variety of applications. These 
systems generally include a tablet, a stylus and 
some instrumentality for producing some form of 
interaction between the stylus and tt»e tablet from 
which is derived digital data signals representing 
the position of the stylus on the tablet. 

In a number of these systems the tablet con- 
tains a grid of conductive elements and the stylus 
contains an electric coil. Inductive type of inter- 
action between the coll in the stylus and the grid in 
the tablet is achieved by energizing either the coil 
or the grid with an AC voltage signal and then 
measunng the voltage signal induced In the other 
element In other systems, capacatlve type cou- 
pling with the grid In the tablet is achieved by 
using a flat conductive disk in the stylus In place of 
the coil. In addition to the conductive element, the 
stylus usually contains either a ball point pen or a 
perral with the tip of the pen or pencil terminafcng 
at the tip of the stylus so that the stylus can write 
or draw on a surfece as Its position is being mon- 
itored. Since the pen or pencil point is at the tip of 
the stylus, the conductive element Is. by necessity 
and because of its physical size located within the 
stylus bannel at some finite distance, such as one 
half of an inch, from the tip. 

Jn some digitizing tablet systems the stylus is 
held in the hand of the user while in other digitizing 
tablet systems the stylus is mechanically mounted 
at nght angles to the wori<ing surfece of the tablet 

When the stylus is held in the hand of the user 
rt IS generally not heM at right angles to the tablet 
but rather at some acute angle thereto. Further- 
more, in the course of writing on the tablet the 
angle will very often change. In systems in which 
the element In the stylus which interacts with the 
element in the tablet is kxsted at the exact tip of 
*e stylus and directly contacte an element in the 
tablet, the angle in which the stylus is heW relath/e 
to the tablet will generally not be a factor. However 
If the element is not at the tip of the stylus an error' 
calted stylus tilt error, will occur if the stylus is not so 
exactly perpendicular to the woridng surface of the 
tablet This will happen because the position signal 
produced by the location of the conductive element 
in the stylus relative to the grid of conductive 
elements in the tablet will not correspond the posi- 



tion where the tip of the stylus is actually in contact 
wrth the tablet Furthermore, if the angle of tilt 
changes as a line or character is drawn, which is 
very often the case, the size of the tilt error from 
5 point to point over the line or character will change. 
For nrwny applications stylus tilt error is not 
acceptable. 

In U.S. Patent 3.873.770 to J. loannou there is 
disclosed a digitizing tablet , system in which tilt 
10 error is descrilDed as being compensated for by a 
complex technique which involves measuring 
changes in the positive and negative peaks of the 
envelope waveform produced when the anay of 
conductors are sequentially energized. 
IS In U.S. Patent 3.700.809 to D. J. Nadon there 

IS disclosed an inductively coupled grid cursor in 
which the tip of the cursor is configured in a way 
that IS specially designed to minimize stylus tm 
errors. 

20 In U.S. Patent 4.289.927 to J. L Rogere there 
IS disclosed graphic communication apparatus for 
elecfronically writing Information and transmittina 
which includes a pen having a pair of windings 
disposed in a predetennined angular relation with 
as respect to each other, and a writing surface having 
a plurality of windings arranged substantially par- 
allel to each other for sensing the presence of the 
pen from the magnetic fields of the pen coils to 
provide differential outputs over the writing surface 
30 wift respect ot he windings of the pen apparatus 
and the differential outpute being located with re^ 
spertto the writing surfece in an X-V orientation. 
Other knovm references of interest include U S 
3s ^Tnlf^^ « ^rtouzos; U.S Patert 

^ «t «»• "-S Patent 

; B « ^ to S.E. Zimmen U. S. Patent 4,375.081 
to B. Blesser and U.S Patent 3.999.012 to H. Dym. 

It IS an object of this invention to provide a new 
and improved digitizing tablet system. 
« It is another object of this invention to provide 
a digitizing tablet system which automatically cor- 
recte for stylus Hit errors. 

«t is still another object of this invention to 
provide a new and improved stylus for use with a 
« digitizing tablet system. 

ft is yet still another object of this invention to 
provide a new and improved technique for deter- 
mining the positton of a stylus on a woric surfece 



SUMMARY OF THE INVENTION 

A digitizing tablet system constructed accort- 
•ng to the teachings of the present invention in- 
cludes a tablet having a grid of position detennin- 
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ing elements, a stylus and associated circuitry. The 
stylus includes a first position determining element 
which is located at a first known and fixed axial 
distance from the tip of the stylus and a second 
position determining element which is located at a 
second known and fixed axial distance from the tip 
of the stylus, the second distance being different 
from the first distance. The interaction of the two 
elements in the stylus with the grid of elements In 
the tablet, when either the grid of elements or the 
two elements are energized, produces two sets of 
signals, one set from the first element in the stylus 
and the set from the second element in the stylus. 
The two sets of signals are processed separately to 
produce a first data signal corresponding to the 
position of the first element in the stylus relative to 
the grid of elements and a second data signal 
corresponding to the position of the second ele- 
ment in the stylus relative to the grid of elements, 
with the difference in the two signals, if any, t>eing 
caused by tilt of the stylus relative to the tablet 
These two data signals are then processed to pro- 
duce a third data signal corresponding to the posi- 
tion of the tip of the stylus relative to the grid of 
conductive elements. 

Various features and advantages will appear 
from the description to follow. In the description, 
reference is made to the accompanying drawing 
which forms a part thereof, and in which is shown 
by way of illustration, a specific embodiment for 
practicing the invention. This embodiment will be 
de8crit)ed in sufficient detail to enable those skilled 
In the art to practice the invention, and it is to t>e 
understood that other embodiments may be utilized 
and that structural changes may k>e made without 
departing from the scope of the inventton. The 
following detailed description is. therefore, not to 
be taken in a limiting sense, and the scope of the 
present invention is best defined by the appended 
daims* 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings wherein like reference numer- 
als represent like parts: 

Fig. 1 is a simplified view of a digitizing 
tablet system constructed according to the teach- 
ings of the present invention; 

Rg 2 is a more detailed view partly broken 
away of the tablet shown in Rg. 1; 

Rg. 3 is an enlarged more detailed view of 
the pen shown in Rg. 1 ; 

Rg. 4 Is a bkx:k diagram of the electronics 
portton of the invention; 

Rg. 5 Is a bkx^ diagram of the coil tocation 
processing section shown in Rg. 4; 



Rg. 6 is a diagram illustrating the pen in an 
untilted position on the tablet; and 

Rg. 7 is a diagram illustrating the pen in a 
tilted position on the tablet. 

5 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENT 

10 The present invention is directed to a digitizing 

tablet system of the type including a tablet and a 
stylus which is constructed so as to automatically 
. correct for stylus tilt errors. The present invention 
accomplishes this by providing a digitizing tablet 

IS system in which the stylus contains two elements 
each of which interacts with the tablet to produce a 
separate positional data signal, each signal cor- 
responding to the position of one of the elements 
relative to the tablet Each element is disposed 

20 within the stylus at a different axial distance from 
the tip of the stylus so that the signals will be 
different when tfie stylus is tilted. The two signals 
so otjtained are then processed to produce a signal 
corresponding to the position of the tip of the 

25 stylus relative to the tablet 

It is to t)e urxlerstood that the invention is 
applicable to any type of digitizing tablet system in 
which positional data is obtained by the interaction 
of some type of element in a stylus, kx^ted at 

30 some finite distance from the tip of the stylus, with 
an array or grid of elements in ttie tablet The 
interaction may be realized, for example, by 
capacative. inductive or acoustic coupling. The 
coupling signal may either be emitted from ttie 

35 stylus or from the tablet and the elements in the 
tablet may either be arranged in a rectangular - 
(Cartesian) or polar coordinate configuration. The 
stylus may be a pen type or pencil type of tiie like 
or even a stylus that does not have a writing (i.e. 

40 recording) element 

For Illustrative purposes, however, the invention 
will hereinafter be described with reference to a 
digitizing tablet system of the type in which the 
tablet contains a rectangular coordinate grid of 

46 conductors, the interaction of the tablet with the 
stylus is achieved through inductive coupling be- 
tween the stylus and the tablet, the energizing 
signals are applied to the stylus causing signals to 
be induced in the grid and the stylus Is in tiie fonm 

60 of a pen. 

Referring now to the drawings, there is illus- 
trated in Rg. 1 a digitizing lat>let system con- 
structed according to the teachings of the present 
invention and identified generally by reference nu- 

55 meral 11. 

Digitizing tablet system 11 includes a tablet 13. 
a pen type stylus 15 and associated electix)nics 17. 
Stylus 15 is coupled to electronics 17 through four 
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wires which are illustrated in Rg. 1 as a single wire. 
Tablet 13 is coupled to electronics 17 through a 
plurality of wires which are also shown In Rg. 1 as 
a single wire. 

Tablet 13 is constructed, as shown in Rg. 3, to s 

Include a generally rectangularly shaped housing 

having a top fiat surface 19 on which may be 
placed a worksheet (not shown) which may be 
positioned and maintained in place by any suitable 
means (also not shown). Tablet 13 includes a grid w 
21 of conductive elements. Grid 21 includes a first 
plurality of spaced parallel conductors 23 lying in a 
plane slightly below and parallel to top surface 19 
and defining one axis, or the "X" axis, of measure- 
ment and second plurality oi spaced parallel con- 75 
ductors 25 lying in a plane slightly spaced from 
and parallel to top surface 19. spaced from first 
conductors 23 and at right angles thereto and de- 
fining a second, or "Y" axis, of measurement. For 
simplicity, only a few of the conductors in each set 20 
are shown. 

Stylus 15 is a hand held type or instrument 
and Includes an elongated cylindrical body or 
housing 27 which terminiates at a tip 29 at one end 
which Is adapted to be placed on the work sheet 2s 
positioned on tablet 13. Tip 29 contains a ballpoint 
31 which receives ink from a cartridge 33. A first 
coll 35 is disposed within the body 27 of stylus 15 
at first axial distance D, from tip 29 and a second 
coil 37 is disposed within the body 27 of stylus 15 30 
at a second axial distance D, from the tip 29. As 
can be seen, distance D,;is a different. i.e. larger, 
distance than distance D,. Coils 35 and 37 are 
preferably identical in size and shape. The turns of 
each coil 35 and 37 are in a ptane that is or- 35 
thogonal to the longitudinal axis of stylus 15. C^il 
35 is connected to electronics 17 by a pair of leads 
39 and coil 37 is connected to electronics 17 by a 
pair of leads 41, 

For simplicity, portions of tablet 13 and stylus 4o 
15 not pertinent to the invention have been omitted. 

Electronics 17 includes a signal emitting sec- 
tion 43 and a signal receiving and processing sec- 
tion 45. Signal emitting section 43 Includes an AC 
voltage source 47 and a demultiplexor 49. Signal 4s 
receiving and processing section 45 includes a 
multiplexor 51, a coil kx:ation processor section 53, 
a demultiplexor 55, a pair of registers 57 and 59 
and a stylus tip position processor section 61. Coil 
location processor section 53 may comprise, as so 
shown in* Rg. 5, a high gain amplifier 53, an active 
filter and demodulator 65, an analog to digital con- 
verter 67 and a zero crossing detector 69. 

In the operation of digitizing tablet system 11, 
a voltage signal from AC voltage source 47 is 55 
applied sequentially to coils 35 and 37 in pen 15 
tiirough demultiplexor 49, As each coil is energized 
sequentially, separate flux patterns will be pro- 



duced linking the particular coil that is energized to 
tiie conductors in grid 21. This will induce voltages 
In tile conductors In grid 31, fhe amplitude and 
polarity of tfie voltege signals being a function of 
the distance from the coil ttiat is energized to 
create the flux field to the particular conductor in 
the grid 21 and the direction from ttiat coil to the 
conductor. Thus, if the coil is located to the right of 
a conductor a voltege signal of one polarity will be 
produced and if the coil Is to tiie left of the conduc- 
tor, a voltage signal of the other polarity will be 
produced. 

The induced voltege signal from each conduc- 
tor in an-ay 21 is fed sequentially into coil location 
processor section 53 by means of multiplexor 51. 
In coil location processor section 53. the signals 
from conductors 23 and 25 are individually pro- 
cessed to provide a first digital output signal cor- 
responding to the X and Y coodinates of the posi- 
tions of coil 35 relative to an-ay 21 and a second 
digitel output signal corresponding to the X and Y 
coordinates of the position of coll 37 relative to 
array 21. 

The digital position output signal produced as a 
result of tiie energization of coil 35 is fed through 
demultiplexor 55 into register 57 and the digital 
output signal produced as a result of the ener- 
gization of coil 37 is fed through demultiplexor 55 
into register 59. 

The signals in registers 57 and 59 are fed into 
stylus tip position processor section 61 where ttiey 
are processed to produce a digital output signal 
over line 61-1 con-esponding to the X and Y coordi- 
nates of ttte location of tip 29 of stylus 15 relative 
to grid 21. Stylus tip position processor section 61 
also produces a digital output signal over line 61-2 
conBsponding to the angle of tilt of stylus 15 and 
the orientation of the tilt. The two output signals are 
ted to a computer and/or a display (not shown). 

Stylus tip position processor section 61 may 
comprise a microprocessor such as a model num- 
ber 6801. 

The processing performed in stylus tip position 
processor section 61 may be best understood in 
connection with Rgs. 6 and 7. 

In Rgs. 6 and 7, line 71 represents the longitu- 
dinal axis of pen 15, point A represents tiie kx:ation 
of coil 35 on axis 71 and point B represente tiie 
location of coil 37 on axis 71. In Rg. 6 the pen axis 
71 is perpendicular to tablet 13 Ci.e. in an untilted 
position) while in Rg. 7 the pen axis 71 on penl5 
is tilted in tiie "X" direction at an angle a relative to 
tablet 13. 

When pen 15 is untilted, as in Rg. 6. the 
waveform envelope of signals Induced in conduc- 
tors 23 due to the energization of coil 35 will be 
identical in shape to ttie waveform envetope of 
signals induced in conductors 23 due to the ener- 
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gization of coil 37 since each coil Is at the same 
proportionate distance from each one of the con- 
ductors. The waveform envelope from each coil, 
when processed, will produce a position signal 
corresponding to point C. There will be no error (or 
difference) signal and the output signal over line 
61-1 from stylus tip processor section 61 will be 
the same as the position signals derived from the 
individual coils. 

On ^e other hand, when pen 15 is tilted at an 
angle a. as shown in Rg. 7, the waveform erv- 
velopes will not t>e the same from each coil. In- 
stead, coil 35 (at a distance A on pen 15) will 
produce a position data signal corresponding point 
E on tablet 13 while coil 37 (at location B on pen 
15) will produce a position data signal correspond- 
ing to point F on tablet 13. The signals will be 



10 



16 



different because the coils are at a different axial 
distances along pen 15 and as a result will be over 
different locations on tablet 13 when pen 15 is 
tilted. 

However, by using geometrical relationships 
and more specifically, proportional triangles, the 
enror signal from which may be calculated the 
position signal of tip 29 on tablet 13 as well as tiie 
tilt angle arKl orientation of the tilt can be readily 
ascertained. 

As can be seen, by using triangles ACE and 
BCF and the fact that the ratio of corresponding 
sides of similar triangles are equal, the ratio of the 
distance from A to C oyer the distance from B to C 
is equal to the ratio of the distance from C to E 
over the distance from C to F; that is, 



AC 
BC 



CE 
CF 



Soh^tng for CE 



25 



CE 



(AC) (EF) 



BC - 

30 



AC 



where CE is the error or correction that must be 
applied to the reading from coll 35 0-e. point E) to 
obtain tiie position of tip 29 (i.e. point C). 

Since AC and AB are known, once the posrtiorr 
data signals from coils 35 and 37 (i.e. points E and 
F have been obtained) the location of tip 29 and 
the tilt angle and orientation thereof, can be cal- 
culated. The processing may be by any suitable 
algoritiim or by table looK-ups or the like. 



For example, if coil 35 is at a distance D, from 
tip 29 of 1 inch and coil 35 is at a distance D, from 
^ tip 29 of 3 inches, the position reading from coil 35 
is 7 units and the position reading from coil 37 is 
11 units, then the correction that must be applied 
to ttie reading coil 35 to obtain the position reading 
of pen tip 29 is equal to 



(1) (11-7) 4 
3-1 '2 



2 imits. 



Applying this correction, the location of pen tip 29 
is 7 minus 2 or 5 units. 

Once CE has been detennined. tiie angle of tilt 
a can be calculated using the law of cosines. That 
is, the cosine of angle » . jhis may also be 
achieved using a table k>ok up or the like. 

Titt error correction in tfie Y direction is ob- 
tained in the same manner. 
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55 



Instead of processing the position signals from 
the two coils to determirte an error or connection 
signal to apply to the signal from coil 35. tt\e 
position signals may be processed to determined 
an enx>r signal to be applied to the signal from coll 
37 using the formula 
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CF = (£F)(BC) 
BC - AC 



Instead of energizing coils 35 and 37 and mea- 
suring voltages induced in each element in grid 21 
from each coil, the individual elements in grid 21 
may be energized and the voltages measured that 
are induced in each coll. Also, instead of applying 
the same excitation signal to both coils 35 and 37 
or to grid 21. two uniquely detectable excitation 
signals, such as signals of different frequencies, 
may be employed with each signal being used to 
interact with one of the coils. These embodiments 
will require some modification in electronics 17. 
Furthermore, techniques known in the art other 
than zero crossing detection may be employed to 
produce separation pxDsition signal for each one of 
the coils. Also, processor section 53 and processor 
section 61 may be a single unit. 

The embodiment of the present invention is 
intended to be merely exemplary and those skilled 
in the art shall be able to make numerous vari- 
ations and modifications to it without departing 
from the spirit of the present invention. All such 
variations and modifications are intended to be 
within the scope of the present invention as defined 
in the appended claims. 



Claims 

1. A digitizing tablet system comprising: 

a. a housing having a two dimensional work surface 
for receiving a work sheet and a plurality of ele- 
ments which define a rectangular coordinate grid, 

b. a stylus, positioned within said rectangular co- 
ordinate grid, having a tip adapted to contact said 
work sheet and a pair of elements for interacting 
with said plurality of elements in said housing for 
detenminlng tiie position of said tip witiiln said 
rectangular coordinate grid, said pair of elements in 
said stylus comprising a first element disposed 
within said stylus at a first distance from said tip 
and a second element disposed within saki stylus 
at a second distance from said tip, said second 
distance being different from said first distance. 

c. means for energizing one of said grid of plurality 
of elements and said pair of elements in said stylus 
and producing thereby a first set of electrical out- 
put signals each having an amplitude and polarity 
related to the position of the first element in the 
pen within said rectangular coordinate grid and a 
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second set of electrical output signals each having 
an amplitude and polarity related to the position of 
the second element in the stylus within said rectan- 
gular coordinate grid, 

d. electronic means for processing the respective 
amplitude and polarities of said first set of electrical 
output signals and said second set of electrical 
output signals to produce third and fourth electrical 
signals corresponding to tiie positional data of the 
first and second elements in the pen, respectively, 
relative to the grid, and 

e. processing means for producing from said third 
and fourtii electrical signals a fiftii electrical signal 
corresponding to positional data of tiie tip of the 
stylus within said rectangular coordinate grid. 

2. The digitizing tablet system of claim 1 fur- 
ther comprising means for sequentially feeding the 
signals of said first set of eiectaical signals and of 
said second set of electrical signals into said elec- 
tronic means for processing the amplitudes and 
polarities. 

3. The digitizing tablet system of claim 2 
wherein said sequential feeding means comprises 
a muftiplexor. 

4. The digitizing tablet system of claim 2 
wherein each signal of said first and second set of 
electrical signals is processed Individually by said 
electironic means for processing the amplitudes 
and polarities. 

5. The digitizing tablet system of claim 4 
wherein tiie pair of elements in tiie stylus are colls. 

6. The digitizing tablet system of claim 5 
wherein the grid of elements In the housing are 
conductive elements. 

7. The digitizing tablet system of claim 6 
wherein the conductive elements are arrarrged in 
two sets to define a two dimensional coordinate 
system. 

8. The digitizing tablet system of claim 7 
wherein the means for energizing one of sakl grid 
of plurality of elements and said pair of elements 
comprises and AC voltage source. 

9. The digitizing tablet system of claim 8 
wherein the AC voltage source is coupled to the 
pair of eienrients in the stylus. 

10. The digitizing tablet system of claim 9 
wherein the electronics means includes coil k>ca- 
tion processing means, a pair of register means 
and stylus tip processor means. 
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11. The digitizing tablet system of claim 10 
wherein the stylus is a bail point type instrument 

12. The digitizing tablet system of claim 1 
wherein said stylus is positioned at an angle of tilt 
relative to said work surface and said means for 
processing the amplitudes and polarities also pro- 
duces a data signal corresponding to the angle of 
tilt as determined by a law of cosines calculation. 

13. The digitizing tablet system comprising: 

a. a tablet having a rectangular coordinate grid of 
conductive elements, 

b. a stylus having an elongated tubular housing, a 
tip adapted to contact said tablet* a first coil dis- 
posed in said housing at a first axial distance from 
said tip and a second coil disposed In said housing 
at a second axial distance from said tip. said sec- 
ond axiaJ distance being different from said first 
axial distance, said tip and said first and second 
coils each located at positions relative to said grid, 

c. means for applying an AC voltage signal to each 



one of said coils, 

d. means for sensing the amplitude and polarity of 
the voltages induced in said grid from the signal 

5 applied to each coil and generating therefrom a 
pair of data signals one representing the position of 
one coil relative to the grid and the other signal 
representing the position of the other coil relative to 
the grid, 

70 

e. register means for temporarily storing said two 
data signals, and 

f. processing means for processing said two data 
IS signals in said register means and producing there- 
from a data signal corresponding to the position of 
the tip of the stylus relative to the grid. 

14. The digitizing tablet system of claim 13 
wherein said stylus is positioned at an angle of tilt 
20 relative to said tablet and said processing means 
also produces a data signal corresponding to the 
angle of tilt as determined by a law of cosines 
calculation. 
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